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Abstract 

We infer the composition of the crust beneath and on the flanks of the Kenya rift based on a comparison of the 
KRISP-90 crustal velocity structure with laboratory measurements of compressional-wave velocities of rllck samples 
from Kenya. The rock samples studied, which are representative of the major lithologies exposed in Kenya. include 
volcanic tuffs and flows (primarily basalts and phonolites), and felsic to intermediate composition gneisses. This 
comparison indicates that the upper crust (5-12 km depth) consists primarily of quartzo-feldspathic gneikses and 
schists similar to rocks exposed on the flanks of the rift, whereas the middle crust (12-22 km depth) consists of more 
mafic, hornblende-rich metamorphic rocks, probably intruded by mafic rocks beneath the rift axis. The louer crust 
on the flanks of the rift may consist of mafic granulite facies rocks. Along the rift axis, the lower cru\t varies in 
thickness from 9 km in the southern rift to only 2-3 km in the north, and has a seismic velocity substantiallv higher 
than the samples investigated in this study. The lower crust of the rift probably consists of a crust/mantle mix of 
high-grade metamorphic rocks, mafic intrusives, and an igneous mafic residuum accreted to the base df the crust 
during differentiation of a melt derived from the upper mantle. 

1. Introduction 

The Kenya Rift has long attracted the atten- 
tion of earth scientists as one of the most well-de- 
veloped Cenozoic rifts in terms of its geomorphic 
expression, recent faulting, and abundant basaltic 
volcanism. Early geophysical investigations of the 
Kenya Rift utilized a broad range of methods to 
investigate deep crustal structure, including seis- 
mic refraction profiles, local earthquake and tele- 
seismic delay-time studies, and gravity and geo- 
electrical measurements (Swain et al., 1994). 
These early investigations provided the basis for 

the first generalized lithospheric cross-4ections of 
the rift. By the middle 1980’s a need was gener- 
ally recognized for a detailed seismological inves- 
tigation of the crust and sub-crustal lithosphere 
of the rift. Two major field invustigations, 
KRISP-85 (Kenya Rift International Seismic Pro- 
ject 1985) and KRISP-90 were undertaken to 
meet this need (Prodehl et al., 1994a). In the 
KRISP-90 study, the more extensive of the two 
field studies, detailed seismic refract ion profiles 
were recorded in three 
of the Kenya rift, across the 
the east flank. The results have be 
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define the crustal and upper mantle seismic ve- 
locity structure beneath and on the flanks of the 
rift. In this paper we interpret the crustal compo- 
sition of Kenya based on a comparison of the 
crustal velocity structure with laboratory seismic 
velocity measurements made on Kenyan rock 
samples. 

2. Overview of the geology of Kenya 

The geology of Kenya may be generalized as 
consisting of three geologic provinces: (1) Archean 
metamorphic rocks of the Nyanza craton in west- 
ern Kenya; (2) late Proterozoic to Cambrian 
metamorphic and intrusive rocks of the Mozam- 
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Fig. 1. Location map of the Kenya rift with generalized geology, KIUSP-90 seismic refraction profiles, and sample locations for the 
volcanic and metamorphic rocks whose seismic velocities were determined in this study. Circled numbers refer to sample numbers 
in Tables 1-3. 
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bique erogenic belt of central and eastern Kenya; 
and (3) extensive Cenozoic volcanic rocks associ- 
ated with rifting that range in age from 35 Ma to 
recent (Fig. 1). Sedimentary rocks of Cretaceous 
to Miocene age locally overlie basement rocks, 
but are not believed to be of significant thickness 
in the KRISP-90 study area (Morley et al., 1992). 

The Archean metamorphic rocks of the Nyanza 
craton consist of a variety of gneisses cut by 
intrusive rocks of somewhat younger age. The 
Mozambique erogenic belt was created during a 
discontinuous period of faulting, folding and 
metamorphism that began at approximately 850 
Ma (Mosley, 1993). Metamorphism reached 
greenschist and lower amphibolite grade during 
this event, and granitoid bodies were emplaced as 
dikes and sills. The basement rocks of the Nyanza 
craton and the Mozambique belt were subse- 
quently uplifted and eroded, leaving a virtually 
planar surface throughout the Mesozoic and early 
Cenozoic (Baker et al., 1972). 

This period of uplift and peneplain develop- 
ment ended in the late Eocene/early Oligocene 
with the formation of the Kenya rift. The initia- 
tion of rifting began with extensive outpourings of 
olivine-rich basalts, and subsequent eruptions 
consisting of basaltic, trachytic and phonolitic 
lavas (Hackman et al., 1990; Smith, 1994; Morley, 
1994). These volcanic rocks which now cover the 
region in a vast mosaic, are estimated to amount 
to as much as 144,000 km3 (Williams, 1972). Pre- 
sent-day seismicity and volcanic eruptions within 
the last few hundred years demonstrate that the 
Kenya rift is still active. 

3. Crustal structure of the Kenya rift and flank- 
ing regions 

Seismic refraction profiles were recorded (1) 
along the axis of the rift from northern Lake 
Turkana to Lake Magadi (in three segments, 
recording lines A, B, and C; Fig 0, (2) across the 
rift from Lake Victoria to Chanler’s Falls (CHF), 
and passing through Lake Baring0 (BAR; line D), 
and (3) along the east flank of the rift from 
Chanler’s Falls to southern Lake Turkana (line E, 
Fig. 1; Prodehl et al., 1994a). The data were 

recorded at an average station spacinpr of 1.5 km, 
with the exception of the northern portion of the 
axial profile data at Lake Turkana (linu A), which 
had a station spacing of 0.75 km and closely 
spaced shots in the lake. The crus 

I 
1 velocity 

models are reported by the KRISP Wo king Party 
(1991), and in several papers in this volume. The 
salient features of the three new crustal velocity 
models are summarized below. Measurement er- 
rors are estimated to be about 10% for depths to 
major crustal boundaries and 3% for <cismic ve- 
locities (cf. Mooney, 1989). The consistency of the 
seismic velocities and depths reported for the 
three seismic profiles indicates that lhese error 
estimates are conservative. 

3.1. Axial profile (Fig. 2) 

Crustal thickness (i.e., surface, rather than sea 
level, to Moho) increases from 20 km in the 
northern Kenya rift beneath Lake Turkana, to 34 
km in the southern rift. Supracrustal rocks show a 
wide range of velocities, varying from 2.0 to 5.2 
km/s. The upper crustal basement rocks have 
seismic velocities of 6.1-6.3 km/s, and are lo-12 
km thick in the southern rift and thin lo 5-7 km 
to the north. The middle crust, at a depth of 
lo-14 km, has an average velocity 01 b.5 km/s 

(6.4 km/s in the north), and thins gra ually from 
11 km in the south to 8 km in the no th (Fig. 2). 
The lower crust, at a depth of 18-25 c , has an 
average velocity of 6.8 km/s. This layer is 9 km 
thick to the south and thins to only 2 km beneath 
Lake Turkana in the north (Fig. 21. The upper 
mantle velocity is anomalously low (7.5. ‘.7 km/s) 
along the axis of the Kenya rift. Details of the 
axial crustal structure are provided by Mechie et 
al. (1994) and Gajewski et al. (1994). 

3.2. Cross-profile (Fig. 2) 

The crustal thickness determined on the 
cross-profile varies by 20%. Cmstal t ickness de- 
creases from 35-40 km on the west 1 ank of the 
rift to 31 km in the middle of the rift, and 
increases to 39 km on the east . Volcanic 
rocks (tuffs and flows) are concentr cd around 
the rift axis, and show a wide rang of seismic 
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velocities that are consistent with those deter- 
mined for the axial profile (Fig. 2). Upper, mid- 
dle, and lower crustal velocities are 6.1-6.3 km/s, 
6.5-6.6 km/s, and 6.7-7.0 km/s, respectively, 
and are thus consistent with those determined 
beneath the axial profile. The upper crustal layer 
thins to 10 km directly beneath the rift, and 
thickens to as much as 19 km to the west. Crys- 
talline basement rocks are well exposed on the 
cross-profile outside the rift. Significantly, the 
anomalously low upper mantle velocity of 7.5-7.7 
km/s is restricted to the rift, whereas the velocity 
reaches 8.1-8.3 km/s on the flanks. Details of 

this crustal model are provided by Maguire et al. 
(1994) and Braile et al. (1994). 

3.3. East jlank profile (Fig. 2) 

The upper, middle and lower crustal velocities 
of 6.0-6.3 km/s, 6.6 km/s, and 6.8 km/s, respec- 
tively, determined for the east flank profile are 
consistent with those reported for the axial and 
cross-profiles. Crystalline rocks occur at the sur- 
face along this profile, with the exception of the 
northern portion at Lake Turkana. The crust 
thickens from 27 km beneath southernmost Lake 

PI 
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Fig. 2. Fence diagram summarizing the crustal velocity structure of Kenya based on the KRISP-90 investigation (modified from 
Keller et al., 1994). The axial profile (lines A, B and C, Fig. I) shows a three-layer crystalline CNS~ with average velocities of 6.2 
km/s, 6.5 km/s and 6.8 km/s. The crust thins from south to north, and the upper mantle velocity is 7.5-7.7 km/s. The east-west 
cross-rift profile (line D, Fig. 1) shows low-velocity volcanics within the rift trough, and crustal velocities that are consistent with the 
axial profile. The east flank profile (line E, Fig. 1) shows an average crustal thickness of 30 km and three main crustal layers. The 
seismic velocities in the upper mantle are normal (8.1-8.3 km/s) on the flanks of the rift. The laboratory measurements are 
compared with average one-dimensional velocity/depth profiles taken from these crustal cross-sections. 
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Turkana to 35 km in the southeast (Archer’s Post, 
Fig. 2). The upper crust has a nearly uniform 
thickness of 8-10 km, whereas the middle and 
lower crust vary in thickness, with the higher- 
velocity (6.7-6.9 km/s) lower crust attaining a 
maximum thickness of 12 km in the center of the 
profile. The upper mantle velocity is 8.1 km/s. 
Details of this crustal model are provided by 
Prodehl et al. (1994b). 

4. Laboratory studies 

Rock samples for laboratory seismic velocity 
measurements were collected: (1) in the northern 

rift on the eastern and western shores of Lake 
Turkana; (2) in the central rift between Lokori 
(LKO, Fig. 1) and Lake Naivasha; (3) from Pro- 
terozoic basement outcrop west of the axial pro- 
file; (4) along the portion of the cross-profile 
between Lake Baring0 and Barsalinga I( BAS, Fig. 
1); and (5) from a basement outcrop west of the 
middle of the east flank profile (Fig. 11. Where 
possible, rock samples were collected in close 
proximity to the seismic profiles. Mineralogies 
were estimated from petrographic observations 
(point counts) of thin sections (Table 1) and sam- 
ple chemistry was determined (Table 11. Classifi- 
cation of the volcanic rocks was based on their 
chemistry and total alkali-silica diagram of LaBas 

CHEMICAL CLASSIFICATION OF VOLCANIC ROCKS 
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Fig. 3. Classification of volcanic rocks based on silica-alkali abundance (LaBas et al., 1986). 
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Kenya rock samples 
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Volcanic Rocks 

K-2A 

K-5 

K-6 

K-17 

K-21 

Basalt K-3 
64% plagioclase 
18% pyroxene groundmass 
3% magnetite 
15% pyroxene phenocrysts 

Tuff K-7 
15% sanidine phenocrysts 
20% vesicles 
65% altered groundmass 

Basalt 
55% pfagioclase 
30% pyroxene groundmass 
3% magnetite 
?% chLorite 
10% pyroxene phenocrysts 

3asaltic Trachyandesite 
59% plagioclase groundmass 
21% pyroxene 
5% magnetite 
10% plagioclase phenocrysts 

1 

Tephrite basanite x-10 
45% plagioclase groundmass 
17% pyroxene groundmass 
6% magnetite 
2% calcite 
20% plagioclase phenocrysts 
10% pyroxene phenocrysts 

(altered) 

ruff 
L5% sanidine phenocrysts 
10% vesicles 
55% altered groundmass 

Tephriphonolite 
52% plagioclase 
16% augite 
4% chlorite 
30% altered groundmass 

K-17A Tephriphonolite 
50% plagioclase 
16% augite 
4% chlorite 
30% altered groundmass 

Tephrite basanite K-21A Tephrite basanite 
50% plagioclase 50% pyroxene 
26% pyroxene groundmass 23% plagfoclase groundmass 
4% magnetite 2% magnetite 
20% pyroxene phenocrysts 25% plagioclase phenocrysts 

Metamorphic Rocks 

K-8 

K-15 

K-19 

Granitic Gneiss 
60% microcline 
21% quartz 
14% plagioclase 
5% biotite 

Granite Gneiss 
64% perthite 
25% quartz 
10% plagioclase 
1% biotite 

Dioritic Gneiss 
40% hornblende 
18% quartz 
22% plagioclase 
10% pumpellyite 
7% prahnite 
2% garnet 
1% biotite 

K-14 Granitic Gnsiss 
58% microcline 
22% quartz 
17% plagioclase 
1% garnet 
1% magnetite 
1% biotite 

K-16 Granitic Gneiss 
52% microcline 
20% quartz 
17% plagfaclase 
5% bibtite 
5% garnet 
1% magnetite 

K- ,30 Tonolite Gneiss 
55% pafgioclase 
25% hornblende 
18% quartz 
1% sphene 
1% magnetite 
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Table 3 
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Compressional wave velocilies in km/s as a function of pressure 

Sample Orientation Density 
Wcm3) 

P (MPa) 
--- 

20 6O 100 200 400 600 800 IO00 

K-2a 

K-3 

K-S 

K-6 

K-7 

K-8 

K-10 

K-14 

K-15 

K-16 

K-17 

K-17a 

K-17b 

A 2.956 6.711 6.748 6.165 6.779 6.785 6.788 6.790 6.792 
B 2.955 6.675 6.710 6.725 6.738 6.744 6.748 6.750 6.752 
C 2.956 6.690 6.724 6.739 6.751 6.756 6.758 6.760 6.761 
Mean 2.956 6.692 6.728 6.744 6.756 6.762 6.765 6.767 6.769 
A 2.935 6.477 6.541 6.565 6.581 6.584 6.586 6.587 6.587 
B 2.941 6.495 6.526 6.542 6.557 6.560 6.560 6.561 6.56 1 
C 2.929 6.416 6.448 6.462 6.471 6.472 6.472 6.471 6.471 
Mean 2.935 6.463 6.505 6.524 6.537 6.539 6.540 6.540 b.540 

A 2.261 3.957 4.290 4.457 4.683 4.902 5.031 5.123 5.197 
B 2.264 4.194 4.623 4.790 4.948 5.077 5.153 5.208 5.252 
C 2.266 4.337 4.605 4.736 4.897 5.032 5.107 5.162 5.204 
Mean 2.264 4.163 4.506 4.661 4.843 5.004 5.097 5.164 5.218 
A 2.751 5.396 5.510 5.561 5.631 5.700 5.741 5.771 5.793 
B 2.813 5.412 5.557 5.613 5.670 5.720 5.749 5.770 5.786 
C 2.761 5.421 5.546 5.614 5.723 5.850 5.928 5.980 6.017 
Mean 2.775 5.410 5.538 5.596 5.675 5.757 5.806 5.840 5.865 
A 2.670 4.428 4.661 4.781 4.953 5.117 5.205 5.265 5.311 
B 2.684 5.023 5.139 5.201 5.294 5.396 5.453 5.490 5.516 
C 2.676 4.844 5.003 5.085 5.200 5.308 5.365 5.404 5.434 
Mean 2.677 4.765 4.935 5.023 5.149 5.274 5.341 5.387 5.421 
A 2.616 4.820 5.521 5.846 6.136 6.284 6.355 6.406 6.446 
B 2.610 5.007 5.655 5.919 6.134 6.259 6.328 6.377 6.415 
C 2.612 5.441 5.920 6.130 6.303 6.378 6.428 6.458 6.480 
Mean 2.613 5.OYO 5.699 5.965 6.192 6.310 6.371 6.414 6.448 
A 1.306 1.686 2.189 2.372 2.500 2.572 2.613 2.642 2.666 
B 1.373 1.538 1.898 2.049 2.169 2.233 2.267 2.291 2.310 
C 1.340 1.690 2.055 2.2 10 2.336 2.401 2.435 2.460 2.479 
Mean 1.340 1.638 2.047 2.210 2.335 2.402 2.438 2.464 2.485 
A 2.679 5.799 5.945 6.012 6.097 6.176 6.222 6.255 6.281 
B 2.665 5.774 5.912 5.978 6.067 6.153 6.203 6.239 6.266 
C 2.686 5.738 5.907 5.981 6.073 6.160 6.211 6.248 6.277 
Mean 2.677 5.771 5.921 5.991 6.079 6.164 6.213 6.248 6.275 
A 2.575 5.346 5.691 5.839 5.984 6.091 6.152 6.196 6.230 
B 2.573 5.368 5.771 5.943 6.116 6.249 6.326 6.382 6.425 
C 2.563 5.143 5.570 5.758 5.924 6.019 6.069 6.105 6.133 
Mean 2.570 5.?86 5.678 5.847 6.008 6.120 6.183 6.228 6.263 
A 2.734 5.620 5.869 5.990 6.123 6.218 6.268 6.303 h.331 
B 2.751 5.872 6.062 6.169 6.326 6.466 6.531 6.571 6.600 
C 2.745 5.809 6.049 6.173 6.317 6.417 6.465 6.499 6.526 
Mean 2.743 5.768 5.994 6.112 6.256 6.367 6.422 6.458 6.486 
A 2.511 5.478 5.546 5.584 5.629 5.653 5.661 5.666 5.670 
B 2.518 5.513 5.551 5.572 5.593 5.600 5.602 5.603 5.603 
C 2.525 5.667 5.705 5.719 5.726 5.729 5.731 5.732 5.732 
Mean 2.518 5.553 5.601 5.626 5.650 5.661 5.665 5.667 5.669 
A 2.557 5.861 5.968 5.993 6.004 6.011 6.015 6.017 6.019 
B 2.561 5.857 5.888 5.901 5.910 5.913 5.914 5.915 5.Y16 
C 2.556 5.752 5.836 5.857 5.863 5.862 5.861 5.861 5.860 
Mean 2.558 5.824 5.898 5.917 5.926 5.929 5.930 5.931 5.932 
A 2.976 6.528 6.621 6.647 6.658 6.661 6.662 6.664 6.664 
B 2.966 6.501 6.575 6.616 6.657 6.669 6.670 6.670 6.670 
Mean 2.971 6.515 6.599 6.632 6.658 6.665 6.667 6.667 6.668 
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et al. (1986) (Fig. 3). For brevity, we refer to the 
Kenya volcanic rock samples as basalts and 
phonolites. 

Compressional-wave velocities, summarized in 
Table 3, were measured under hydrostatic confin- 
ing pressures to 1000 MPa (10 kbar) using a pulse 
transmission technique similar to that described 
by Christensen (1985) and Christensen and 
Wepfer (1989). The samples used for the mea- 
surements were cut in the form of right circular 
cylinders 2.54 cm in diameter and 3-5 cm in 
length. To study anisotropy,. velocities were mea- 
sured in three core samples taken from each rock 
in three mutually perpendicular directions. Den- 
sities (Table 3) were calculated from the dimen- 
sions and weights of the rock cylinders. Pressure- 
related changes in sample dimensions were con- 
sidered in calculating velocities. 

Room-temperature laboratory measurements 
have been corrected for high and low geotherms 
corresponding to the estimated thermal gradients 
within the rift and on the flanks, respectively. 
Estimated rift and flank geotherms of 28”C/km 

and 15”C/km are based on sparse heat flow 
measurements in Kenya (Morgan, 1983) and on 
comparisons with estimated geotherms for similar 
geologic settings (e.g., Lachenbruch and Sass, 
1978). We have used an average temperature 
correction of -0.5 X 10e3 km s-r “C- ’ based on 
laboratory results of Kern (1978) and Christensen 
(1979). The temperature corrections applied for 
comparisons with seismic velocities wirhin the rift 
are significant, and amount to velocity reductions 
(from room-temperature measurements) of ap- 
proximately 0.14 km/s, 0.28 km/s, and1 0.42 km/s 
at 10 km, 20 km, and 30 km, respectively. Tem- 
perature corrections for the low geotherm are 
about one-half these quantities. 

5. Discussion 

Complete room-temperature velocity-pressure 
curves for all Kenya rock samples are shown in 
Fig. 4A. Temperature-corrected velocities corre- 
sponding to the high geotherm are shown in Fig. 

Table 3 (continued) 

Sample Orientation Density P (MPa) 

Wcm3) 20 60 100 200 400 600 800 1000 

K-19 A 2.965 5.816 6.081 6.194 6.334 6.424 6.462 6.481 6.506 
B 2.958 6.120 6.354 6.466 6.604 6.726 6.795 6.845 6.883 
C 2.954 5.669 5.987 6.114 6.249 6.372 6.445 6.497 6.538 
Mean 2.959 5.889 6.141 6.256 6.396 6.508 6.568 6.610 6.643 

K-20 A 2.390 4.750 4.828 4.867 4.917 5.956 4.977 4.991 5.002 
B 2.396 4.798 4.861 4.901 4.941 4.975 4.994 5.007 5.017 
C 2.365 4.785 4.853 4.888 4.946 5.009 5.047 5.074 5.095 
Mean 2.384 4.178 4.849 4.885 4.935 5.313 5.006 5.024 5.038 

K-21 A 2.971 6.468 6.521 6.536 6.558 6.596 6.621 6.651 6.671 
B 2.954 6.226 6.338 6.387 6.442 6.492 6.521 6.542 6.558 
C 2.954 6.183 6.320 6.385 6.471 6.556 6.606 6.642 6.670 
Mean 2.960 6.293 6.394 6.437 6.491 6.548 6.585 6.612 6.633 

K-21a A 3.020 6.243 6.282 6.306 6.350 6.411 6.454 6.486 6.509 
B 3.018 6.172 6.217 6.244 6.289 6.348 6.386 6.412 6.431 
C 3.019 6.229 6.268 6.284 6.326 6.390 6.431 6.460 6.483 
Mean 3.019 6.215 6.256 6.278 6.322 6.384 6.424 6.453 6.475 

K-30 A 2.788 5.307 5.651 5.821 6.024 6.181 6.269 6.332 6.381 
B 2.795 5.720 6.058 6.236 6.434 6.553 6.606 6.642 6.671 
C 2.829 6.113 6.312 6.417 6.562 6.689 6.753 6.197 6.830 
Mean 2.804 5.714 6.009 6.160 6.340 6.475 6.543 6.591 6.628 
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4B. The correction is particularly significant in 
the middle and lower crust, where temperatures 
are higher. 

Referring to Fig. 4A, velocities of 5.4 km/s to 
6.8 km/s are measured at 400 MPa (4 kbar, 
equivalent to 14 km depth). High-densi~ volcanic 
rocks have the highest velocities (6.6-6.8 km/s at 
400 MPa), and low-density tuffs show the lowest 
velocities (2.2 km/s at 100 MPa). Reliable corre- 
lations between seismic velocity and mineralogy 
of the volcanic rocks are difficult to determine 
because of the fine grain size and alteration prod- 
ucts common to these rocks. However, samples 
with abundant pyroxene phenocrysts (K-2 and 
K-17b) tend to have higher velocities than sam- 
ples with plagioclase phenocrysts (K-21a; 
Table 1). 

The highest-velocity gneissic rocks (K-19 and 
K-30) contain a higher percentage of hornblende, 
whereas the lower-velocity rocks are granitic 
gneisses (K-14 and K-15) with high percentages of 
potash feldspar and quartz, and are garnet-free 
(Table I). Seismic anisotropy in these metamor- 
phic rocks at 400 MPa ranges between 0.5% and 
5.5%, and averages about 3%. This average 
amount of velocity anisotropy is equal to the 
estimated measurement error of deep crustal ve- 
locities (e.g., Mooney, 1989), and indicates that 
velocity anisotropy is a significant factor in inter- 
preting deep crustal velocities and composition. 
The low densities and seismic velocities of the 
volcanic tuffs originate from the high porosities 
and alteration products within these rocks. 

These laboratory measurements of seismic ve- 
locities provide significant constraints on the likely 
composition of the crustal layers defined in the 
KRISP-90 seismic refraction profiles. We present 
comparisons of field and laboratory measure- 
ments for three separate areas: the east flank 
(recording line E, Fig. 1) of the rift (Fig. 5), the 
southern rift (Fig. 61, and the northern rift (Fig. 
7). The northern and southern rifts are treated 
separately because the crustal structure is signifi- 
cantly different (Fig. 2). Temperature corrections 
for a low geotherm, as discussed above, are used 
for the flank profile, and corrections for a high 
geotherm are used within the rift. 

5.1. ~~~ra~~tffl rocks (tuffs, basalts cd pkmo- 
iites) 

Seismic velocities of supracrnstal volcanic rocks 
within the rift range from 1.9 to 5.15 km/s, and 
extend to depths as great as 6 km (corresponding 
to about 175 MPa (1.75 kbar); Fig. 21. The lowest 
field velocities (2.0-2.2 km/s) are conGstent with 
those measured for sample K-10, an ash-fall tuff 
with a density of 1.34 g/cm. However. the basalts, 
phonolites and other volcanic rocks, which clearly 
constitute a significant portion of the supracrustal 
geologic section, have laboratory-measured veloc- 
ities higher than the 3.1-5.15 km/h velocities 
recorded within the rift. This discrepancy be- 
tween laboratory and field measurements is most 
likely due to extensive fracturing, jointing, and 
rubble zones in the basalts common to volcanic 
flows elsewhere. Abundant tuffs interlayered with 
basalt flows are also consistent with the field 
measurements. High pore pressures in these 
porous rocks may also be an important factor in 
lowering velocities (Spencer and Nur. 1976; 
Christensen, 1989). 

5.2. Crystalline b~erne~t (upper crust) 

Upper crustal seismic velocities range from 6.0 
to 6.3 km/s on the three KRISP-90 profiles (Fig. 
2). The east flank profile and the western and 
eastern portions of the cross-profile were 
recorded outside of the rift where the basement 
metamorphic complex is exposed (Fig. I ). A com- 
parison of the upper crustal velocities with the 
Kenya metamorphic rock samples shows excellent 
agreement (Figs. 5A, 6A, and 7Al. While it is 
perhaps not unexpected that the metamorphic 
rocks would agree with the upper crustal veloci- 
ties for the flank profiles (Fig. 5Al. the agree- 
ment with the southern and northern rift profiles 
(Fig. 6A and 7A) strongly suggests that these 
gneissic rocks are also the dominant rock type 
beneath the rift. The basalts and phorolites mea- 
sured in this study show velocities uniformly in 
excess of 6.2 km/s. Since the intru ive equiva- 
lents of these volcanics (gabbro and s ! cnite) have 
higher velocities, it appears that these rocks are 
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rocks and (B> volcanic rocks. Sample numbers are keyed to Fig. 1 and Tables l-3. The two seismic discontinuities in fhe crust at 10 
km and 26 km define the upper, middle and lower crust. The upper-mantle velocity is 8.1 km/s. The estimated error in crustal 
velocities is 3%, or *0.2 km/s. 
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not abundant constituents of the upper crust of laboratory velocities (Figs. 5-7) that the rock 
the rift. samples show negative velocity-depth gradients 

It is apparent from the comparison of field and (due to the effects of temperature), whereas the 
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reported crustal structure shows a positive or 
zero gradient. The most plausible explanation is 
that crustal composition progressively changes 
with depth towards increasingly mafic rocks. This 
explanation is consistent with exposed deep 
crustal sections (e.g., Percival and Card, 1985; 
Percival et al., 1992). 

5.3. Middle crust 

A velocity of appro~mately 6.5 km/s is mea- 
sured at a depth of lo-15 km beneath all three 
seismic refraction profiles. Inferring crustal com- 
position at these depths is less reliable than for 
the upper crust, where crystalline basement rocks 
are exposed, and admits multiple possibilities. 
Therefore we focus our discussion to two end- 
member hypotheses that can be constrained by 
our data: a middle crust consisting either of inter- 
mediate-composition gneissic rocks (e.g., dioritic 
gneiss, sample K-19) or of the intrusive equiva- 
lents of basalts and phonolites (e.g., samples K-3 
and K-21). 

Considering first the flank profile (Fig. 5), the 
metamorphic rocks show lower velocities than the 
middle crust, although the intermediate composi- 
tion gneisses (samples K-19 and K-30) are only 
0.2-0.3 km/s too low. This suggests that some- 
what more mafic, perhaps higher-grade metamor- 
phic rocks are reasonable candidate compositions 
for the middle crust of the rift-flanking area. 
Several of the volcanic rocks have higher seismic 
velocities than the metamorphic rocks and pro- 
vide excellent agreement with the measured mid- 
dle-crustal velocities. However, it should be noted 
that coarser-grained intrusive equivalents to these 
extrusive rocks would have still higher seismic 
velocities (6.7-7.0 km/s) at these depths (e.g., 
Birch, 1960). On balance, we favor gneisses of 
intermediate composition for the middle crust of 
the rift flank. Such an intermediate crustal com- 
position is consistent with tonalitic gneisses in 
exposed crustal sections of Archean and Protero- 
zoic rocks (e.g., Percival and Card, 1985; Percival 
et al., 1992). 

A comparison of the laboratory measurements 
with the seismic velocities measured in the mid- 
dle crust beneath the southern and northern rift 

suggests that metamorphic rocks of h 
morphic grade than those exposed at 
or mafic intrusive rocks are possible compositions 
of the crust. A mixture of these rocks (i.e., gneisses 
intruded by mafic dikes) is also a reasonable 
composition. 

5.4. Lower crust 

The lower crust beneath the Kenya rift and its 
flanking areas has seismic velocities of 6.7-7.0 
km/s and varies laterally in thickness (Fig. 2). 
This layer is 9 km thick beneath the southern rift, 
and thins to 2-3 km beneath the northern rift. 
The layer is laterally continuous a 
and maintains an average thickness 
km on the cross-profile (Fig. 2). On the flank 
profile, the lower crustal layer is interpreted to be 
about 8 km thick beneath the middle of the 
profile, and thins to the northwest and southeast. 

The lower crustal velocities of 6.11-7.0 km/s 
are higher than any of the velocities measured in 
the felsic to intermediate gneisses collected along 
the rift flanks. Thus, lower crustal ancilogues are 
not exposed in the region. Based on the Protero- 
zoic geology of Kenya, and on publis 
comparisons, amphibolite to granulite O‘acies mafic 
rocks are probably constituents in the lower crust 
on the flanks of the rift (Christensen and Foun- 
tain, 1975; Holbrook et al., 1992; Mosley, 1993). 

The temperature-corrected seismic velocities 
of the metamo~hic and volcanic rot are about 
1.0 km/s lower than the measured lower crustal 
velocities beneath the southern rift (Fig. 61, which 
indicates that significantly denser, more mafic 
rocks are found at these depths. The 6 
velocities of the southern rift are i 
between the seismic velocities of the 
and the upper mantle. Given the high heat flow 
and abundant volcanics within the rift. He concur 
with Baker et al. (1972) that the lower crust 
largely consists of a mafic residuum accreted to 
the base of the crust during the differentiation of 
an upper mantle melt. 

The lower crustal layer beneath the northern 
rift is only 0.2 km/s higher in velocity 
the Kenya volcanic rock samples (Fi 
suggests that a significant basal crustbl residuum 
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is not present in the northern rift beneath Lake 
Turkana, and that the extrusive rocks there are 
mainly produced by differentiation in the upper 
mantle, which occurs at a depth of only 22 km in 
this portion of the rift. Referring to Fig. 7A, it is 
apparent that metamorphic rocks may constitute 
the bulk of the crust, and therefore, the basaltic 
extrusives may pass through the crustal column in 
the northern rift with only minimal mixing with 
crustal rocks. 

6. Conclusions 

A comparison of the results of the KREP-90 
seismic-refraction investigation with temperature- 
corrected laboratory measurements of rock veloc- 
ities shows that reasonable inferences of crustal 
composition can be made (Fig. 8). On the flanks 
of the rift, the upper and middle crust appear to 

be comprised largely of Precambrian greensehist 
to amphibolite facies felsic-to-intermediate corn-- 
position metamorphic rocks. The lower crust on 
the flanks of the rift may consist of granulite 
facies mafic rocks. The upper and middle crustal 
layers appear to be continuous from the eastern 
rift flank to the western flank, but these layers 
are most likely intruded by mafic dikes and siils 
beneath the rift. The lower crust beneath the rift 
probably consists of a mix of high-grade meta- 
morphic rocks, mafic intrusions, and an igneoris 
mafic residuum accreted to the base of the crust 
during differentiation of a melt derived from the 
upper mantle. 
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